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' THEREISA CELECT RAY For Every 
LABORATORY and INDUSTRIAL PYROMETER REQUIREMEN) 





on y 
«)| eeteernar 
, 8 - 2 8 10 12 14 16 18 20. 
. ) oe EUTVETER ENON EGER FUPOYEUTEEY OPT FTTVT TOM 
om am OU UU LE eo 
3 fy WN E | 
i * CES 
4 7 < 
— a | he 
‘ \ Aa ™ a i A 
. J \ @> e) 
« 2) 9 1 %) ® | b| 






CELECTRAY RECORDER CONTROLLER 


ee Throttling Electric Heat 6-Point INDICATING CONTROLLER 


Also made in 4-Point 


CELECTRAY RECORDER CONTROLLE:} 
for Throttling Fuel Heat 
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CELECTRAY Single Point INDICATING CELECTRAY CELECTRAY Multiple Point 
POTENTIOMETER CONTROLLER INDICATING CONTROLLER INDICATING POTENTIOMETER 


The CELECTRAY principle of potentiometric measurement and control of temperatures has 
been reduced to practice in many laboratory and industrial applications. Because, the most 
compelling feature of this notable line of Pyrometers is expressed in terms of their contri- 
bution to more precise and economical plant operation. 

Today, a new CELECTRAY Controller is providing an economical means for throttling elec- 
tric heat with no other equipment than is ordinarily used for on-and-off control. This new 
Controller has no dead zone, and holds a steady temperature without oscillation. 

The TAG method of photoelectrically balancing a potentiometer or Wheatstone bridge 
means higher recording accuracy, increasing the value of CELECTRAY as a precise electri- 
cal instrument. 

The CELECTRAY Pyrometers shown here include most of the newer models for indicating, 
recording and controlling. We urge you to get the whole story on these rugged modern in- 
struments . . . learn what their matchless sensitivity, speed and adaptability can do for you 
in lowering operating expense and raising product uniformity. 

























. a 
: “ a8 ; 
7 ; [cerecenar ( Cc ' ; ’ > { errecenan 
ww 
a Te $3 
: a Ln) ee ee Ce oe al 
a a ah. chgle chats dene cthuchgie a 0 
Ce el ee) ee eT 
RN ee see oe oe —_ ” ea 73 
t : < c $ _ 
e @ £ i ee oe ee be to : + : s A e@ @ 
’ " 4 x ogee. we 
(* cee = 2) Se eS oe | al £ Sor’ 
> . = > > er 
A ee Pe ee | oe 
“Se SRY ome oF "gee oe 
“— ete 2] y ~ . V 
CELECTRAY Vibration-Pro CEL 
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—_= EE Two-Point INDICATING 
INDICATING CONTROLLER K . POTENTIOMETER CONTROLLER | 


(~ 
CELECTRAY 96-Point SWITCH BOX 


C. J. TAGLIABUE MEG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 
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WHATCHA 
DOIN’, JOE? 


SQUINTIN’ 





























USED TO SQUINT 
AN’ GUESS 
_ MYSELF, TILL MY 
PLACE PUT IN TH 
ay) LACE PU OSE 


NEW TAYLOR 


HYGROMETERS. 
THEY SURE ARE 
EASY READING, JOE 








GOTTA READ THIS 
HERE HYGROMETER 











Easy Does It-Three 
Ways -with the new 
Taylor Hygrometer 


It’s easier to read— 
install—maintain. 


/ 














0 MPARE these new Taylor Hygrom- 
4 eter advantages with the disadvan- 
tages of other temperature and 
humidity indicators for air ducts, dry- 
ers, and other closed compartments... 


Unique tube design—extra-flat horizon- 
tal, glass-enclosed scale, with black 
figures and graduations etched on 
back and lacquered over in orange- 
yellow for permanent, maximum 
reading ease. 

Double dependability—etched-stem 
thermometer accuracy and speed 
plus industrial thermometer rug- 
gedness. 

Simple installation—only one 8” x 234” 
duct opening required. 
tachable mounting sub-plate elim- 
inates risk of breaking. 


Easily de- 


instant accessibility— whole unit swings 
out from mounting, by simply un- 
screwing two thumbscrews. 

Cheap replacement—water bottle re- 
placeable by any stubby beer bottle! 


No bulb-conduction error—skeleton- 
type guard allows free circulation 
of air across both bulbs — rubber 
grommets thermally insulate the 
glass stems. 


Quick interchangeability—wet and dry 
thermometers interchangeable in- 
stantly 


Versatility—available with bottle feed 


or constant-level reservoir to operate 


under water pressure or vacuum— 
wet and dry bulbs staggered for use 
in horizontal or vertical ducts. 


Sturdiness—cast aluminum construc- 
tion—all parts corrosion-resistant. 


For completely trustworthy perform- 
ance, install this Taylor Hygrometer 


Without obligation to you, get in toucl 





See the bottle-feed resery 
eter—the Horizontal scalesb 
ns from 30° t 


» 290°F f 
e finist 


with the 
write Taylor Instrument Companies 
Rochester, N.Y. Plant also in Toronto 


Taylor representative, or 


Canada. Manufacturers in Great Brit 


ain: Short & Mason, [td., londor 


=.) 
44578 ul 
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FRONT COVER Instrumentation of seven-cyl 
rayon slashers in Waumbec Mills, Manchester, N 
Hampshire 


i 


EDITORIAL COMMENT 


NEW INSTRUMENTS 
Indicators, recorders, controllers, inspection 
devices, etc., for plant, feld and lJaborator 


AIRCRAFT INDUSTRIES MODERNIZI 
Ti STING FACILITIES 
A Pictorial Feature 


LOW RESISTANCE MEASUREMENTS 
(“Low™ meaning 0.01-0.0001 ohm) 
By (G R Patterson 






PHYSICAL PROCESSES AT THE POINT 


| To Safeguard WHERE HARDNESS IS TESTED 
Your Assemblies By S. R. Will 


@ Whether ten-dollar high-voltage oil- INSTRUMENTS BOOK SHELF 


filled capacitor or ten-cent paper tubu- 


lar, regardless, each and every AERO- MANUFACTURERS’ NEW LITERATURE .... (In 


VOX condenser is indir: ‘dually tested. . . 
Only in this way can there be no ques- ADVERTISERS’ INDEX (Insert) 


tion regarding condenser dependabil- 





ity in those assemblies in which they 


are incorporated. 
© INCOLPOTAter Published Monthly on the 15th by 





And in addition to this individually- THE INSTRUMENTS PUBLISHING COMPA 
tested feature, AEROVOX provides 1117 Wolfendale Street, Pittsburgh, Pa. 
the necessary choice of standard or, in : 7 . . 
her “al RICHARD RIMBACH M. F. BEDLAR 
y b . ° y $ 
meeting unusua requirements, specia Managing Lditor Editor 
types, precisely fitting the given appli- BRANCH OFFICES 
cation. You do not have to IMprovise Oe Fe mer re” Brimmer St. (Lafayett 
when vou specify AEROVO*X. New Yor R. K. Farnham, 118 E. 28th St (Lexington d 163 
, / ( ico: W im Farnham, 201 N. Wells St. (Andover 418 
Ci Hare W. Haskett, Keitl sldg. (Main 148 
Submit your problem Annual Subscription; U, §. $2.00. All other countries, $3.00 paya! 
j mit vy New Yor raft ( Vricl } y e 3 
@ Remember, w A.A.I Aerovox ments Publishing Company. Ente i-class mat ter Janu ary 
it all te mes. Our 1932, at the post office at Sarees My per oy re Act of March a 
ipplicatt cif 
volve the most 
" ry i nbly to you 








INDUSTRIAL INSTRUMENT SERVIC! | 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianape 








CORPORATION : i I T T E t d U Ss E S— ‘Quicker than a short cir 
NEW BEDFORD,’ MASS: 5000 and 10 Of sea. 1700 toe, a ae eee a ae 


IN CANADA: AEROVOX CANADA. Limited Hamilton. Ont. t nd mountings. Neon testers and indicators. Write fo 
LITTELFUSE, INCORPORATED -4759 Ravenswood Ave., Chicag< 
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L ls This 1940 or 1840? 


, N the Pittsburgh Sun-Telegraph of Thursday, 
: iL January 25th, there was printed a report wired 

by J. Allison Bors of the International News 
= rvice, who was covering the convention of the 
No ited Mine Workers of America at Columbus, 
| Jhio. We quote the following from this INS story: 


Mther resolutions adopted, without a record vote, in 


aed 


lempowered executive board to initiate legislation to tax 
hinery which displaces men in industry. 


* This is not the first time, of course, that a labor 
ganization has come out against labor-saving 
iachinery. Such opposition has existed for more 
han a century. However, in recent vears, the nine- 
enth-century kind of opposition to technological 
yrogress—a blind, fierce, unreasoning, instinctive 
atred—was giving way to an enlightened attitude. 
In fact, forward-looking labor leaders aimed their 
pposition at sudden dislocations rather than at 
the introduction of labor-saving machines. In re- 
cent vears, some of these labor leaders have even 
encouraged the introduction of modern automatic 
methods in order to enable the employers of their 
members to lower unit costs, sell more goods, and 
pay higher wages or assure year-round jobs. 

In recent vears we had optimistically come to 
believe that this splendid American spirit would 
gradually permeate all American labor organiza 
) tions. In the fall of 1938 we declared that: 


[he anti-technology movement is identical with the anti 
) | ndustry movement. More precisely, it is identical with one 
inch of the movement against private industry. Ad it is 


t the labor movement... . 


We were too optimistic! We thought that work- 
rs could not be fooled by the rantings of rabble- 
rousing messiahs who never saw the inside of a 
factory and whose only acquaintance with ma- 

chines is with the radio microphone, the mimeo- 
graph machine, the printing press and other in- 
truments of propaganda. It would scem that the 
nti-machine fanatics have succeeded in going over 
the heads of enlightened labor leaders: by means 
' the radio and newspapers they evidently have 
istilled into the rank and file the same old hatreds 
nd fears which a hundred years ago led sometimes 

» the violent destruction of machinery. 
Something sinister seems to be going on behind 
scenes. Some destructive influence 
work to start something which will gravely in- 
re al/ of industry: ownership, management and 


- } 


bor alike. While we have our suspicions as to the 
pe of agents exerting this destructive influence, 
admit that these suspicions are vague. However, 


seems to be 


—— t 


address, Conferences mm dt 


as in all similar critical situations, the first thing 


to be done by patriotic citizens in order to smell 
out the enemy is to apply the old reliable test of 
cul bono. Who would benefit? 


Let us start by asking who would benefit if taxes 
were laid on “machinery which displaces men in 
industry” worded in the empowet 
ing resolution adopted by the UMWA delegates. 

This question cannot be answered until the 
UMWA Executive Board drafts a bill to be 


as so loosely 


duced in Congress or in state legislatures, and 
makes public the full text of this draft. 

From what we hear, the Ixecutive Board 
largely made up of men who are or were skilled 


in the operation of coal-mining, coal-grading and 
coal-processing machines and instruments. 
Gentlemen of the Board! You 
to which automatic machines have 
cost-per-ton of coal and thereby saved your indus 
try from being killed by the competition of the 
newer gaseous and liquid fuels. Don’t you consider 
it vour duty as influential members of a financially 
sick industry to refrain from actions which may 
aggravate vour industrv’s financial sickness’? 
Perhaps this is a case for the cui malo test: Who 
would suffer if laws were enacted taxing labor 


know the extent 


reduced The 


saving machines—that is to say all machines, in 
struments, controls, ete., which reduce the sum 


total of human drudgery, which constantly increase 
the number of good jobs and which otherwise raise 
the standard of living of all workers? 
You, dear reader (and the UMWA), would suffe) 
So what? So use last month’s Instru 
ments as an instrument of counter-propaganda 


issue of 


Exhibit—Instrumentation in Industry 


Readers in the Philadelphia, Trenton, Camden and Sout! 


Jersey area will be interested to know that an exhibit t 
Instrumentation in Industry, sponsored by the Power Ma 
tenance Association of Southern New Jersey, will be he 
on March 12, 13 and 14 (Tuesday te Thursday inclu 
in the Camden County Vocational School, Merchant 
N. J. Hours: 3 in the afternoon to 10 in the ever 

Industrial instrument firms, large manufact ( 
rations, ete., will occupy the twenty-one principal boot} 
will display not only commercially-available instrument 
control systems, telemetering systems, ete., but 
ber of purely educational exhibits. So great | be 
number of educational exhibits that we have ist 
informed (Feb. 7) that the presentation of technical pape 
has been abandoned, in order that eacl 
time to view all exhibits pertain to } 

rae ; 
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‘““DUCTER’’ 
LOW RESISTANCE 
OHMMETER 
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JAMES G. BIDDLE CO. 


Electrical Instruments 
1211-13 Arch Street Philadelphia, Pa. 









Mo:sture Testing Simplified 


BRABENDER fy For 
SEMI-AUTOMATIC Laboratory 
MOISTURE and 

TESTER Plant Control 








THE MONTH’S NEW 
INSTRUMENTS 


artment we strive to report each month ALL the new devices for measure 


ns tion, testing, metering and automatic contro!—in the form of concise technical de 


to manufacturers directly, please mention this department as your s 


tion. Or write to Information Section, Instruments Publishing Company. 








Multi-element Mercurial Type Liguid-level Controller 


Thermo- It 























regulator 
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High-pressure Oxygen Gage Thermoelectric Pyrometers 
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Instrument-shunting Mica 


Capacitors 
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Vacuum Type Radiation BAILEY 


Receivers for Pyrometry 
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Senter \eEIBY 
ini os — | 0" METERS and CONTROL 
TYPE E-12 lan ee 


Sensitive 
Seri 


Boiler Mete-s 
Indicate. reeord 





Rugged, 
Hermetically Sealed 





Long Life 
High Frequency Response 


Exceptionally Low Internal 
and integrate 


Steam Flow 
from the boiler, 
.ecord Air Flow 


Capacity 


SENSITIVE RELAY 
TYPE ER-(2 


upplied for 
combustion 
and record Flue 


For Direct Current, Gas Tempera- 
High Speed Response ture. The use of 


this meter re- 





Positive Action 





duces fuel cost, Bailey Boiler M 
lessens main- 
Various Coil Resistances tenance and outage, lowers standby costs, 


Sterling Silver Contacts and adds capacity. 


HUGH H. EBY, Inc. 


4700 Stenton Avenue 
PHILADELPHIA, PA. 


Multi-Pointer Gages for indicatin 
drafts, pressures, differentials are ay tilable 


with any number of pointers from one to 





twelve. They are actuated by sturdy yet 


sensitive diaphragm units. 








rlow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 


water, compressed ur and other fluid 


Granulcr Matericl Meters 
For accurately measurin 
the flow of coal or other 





granular materials in 





eravity chutes from over 
head bunkers. The total 


quantity of granular ma 
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R ECO R DI N G spcseabpicagan tor’ L-C Checker 


terial is shown on a large 
illuminated counter which 
mav be easily read at a 


distance of 50 feet 


Mounting |} t t |) Coal Met Control Systems. 
a, ; Make possible the every 
day operation of equipment for steam 
Lc e : eee P generation and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water. superhe it, de- 

Supe rheat and other factors 


J 


M ' f ( ete] ation onar f the j 
; ; ly fare r 


ree taaus | pliant ieee | BAMLEY METER 


SE9335.WALSTED STREET + + + CHICAGO. ILLINOIS ae 1041 Ivanhoe Rd., Cleveland, Ohio 
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Wheel and Flap Position 
Indicator 





Mercurial Barometer for 
Altimeter Calibration 








Simplified Design, 
New Principles 


Design ovements, latest 
methods, and impor- 
new principles distinguish 


B-T instruments. Specify 


+ 


and you obtain precision instru- 


ment advantages gained by 30 
years in pioneering instrumenta- 
ton for industry, aviation, scien- 


tific research, and the automotive 
field 
Write for data and prices on 
tne newest 1n 
) > 
Pyrometers 
) P ° 
Pyrometer-Potentiometers 
Resistance Thermometers 


Lachometers 


Galvanometers 


J-B-T INSTRUMENTS, INC. 


New Haven, Conn. 


| Chapel St 











MERCURY ARC 
RECTIFIER 
PRACTICE 


By F. C. ORCHARD 
A.M.I1.E.E 


o € € il to e plant 
i ator, a 1 should 
é consider a rectifier 
t telligently and t 
tenance and overcome 
€ ef iently - Dr 
S hf ee 
\ te yne who has intima 
J the snags liable t 
€ selecti insta 
1 < t of rectifier pla t 
Times 
i five the 
1 | € an ide 
WwW hs 
i i in dis 
S sh Ele al E 
y 
f Is W 
a If y th \ | 
Fr ar. 
I ly a 
The Engine 
$5.00 postpaid 


Instruments Publishing Co. 


1117 Wolfendale St. Pittsburgh, Pa. 








Signal Generator 
Sis , x4 No. 161) 
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Seven-inch Size Portable 
Electrical Instruments 











Rocking-contact Type 


= ——— rmannne — M O E L LE iz 
tre eeneratois, "ie said co be even wore PRECISION GRADE 
INSTRUMENTS Ms 
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CADET 
PORTABLE INSTRUMENTS 


Alternating and Direct Current 


d Seats 


. j 
1 are made with the M 

‘ Glass F Reading 

- which mak th easy t 
"2 read under varying sht 
y conaitions 37 y ’ 

ae able distance and over 4 


wide range. 





No. 3031C. 


ACCURACY 2°; OF FULL SSALE gay Aa oe gah porcigay aber ggg oe ag 
ARC LENGTH 3 INCHES Cred, Gee SGP L-iaee, uiece ed 

















BAKELITE CASE larger generators Justruments, Feb F 
] % - ) ( ‘ I T ‘ i 1 ! 
Available in a Wide Range of Capacities i é 
= thereb ¢ wei? ? ntel I , 
Write for Meter Catalog *elethaie A ear a ers 
«| n ! pl ment or i] t ent t fre — 
W. M. WELCH quent intervals.” Only two simrle adjust- | UF Hi #720, 
SCIENTIFIC COMPANY a istments bei ie at f SE | 
torv. Ri ng-contact principle ir porat > \ 
Established 1880 in Tvre V-11 j ne + au tin \ 
5I5 Sedgwick St. Chicago, III Be te Ge oe eee eee So a 
; tad 4 Hiv 4 t 
T 7 | 
; ? 17 
Moeller dial thermometers are 


Specimen Mounting in various scale ranges up to !000 F 


or equivalent in both Metal and Phe 
Troubles Are Ended 


And Costs are Reduced, Too! 


nolite cases 





Moeller record ng 
thermometers are #3 
likewise furnished ff 
in various range 
up to 1000 F. or 
equivalent Round 
and square cases 
as preferred 


Also HYGROMETERS 


RECORDING PSYCHROMETERS 


st 
Or pty 


TERS 


BAROMETERS HYDROME 





MARINE INSTRUMENTS, ET 


For metallographic 
| specimens, the Jarrett Write for catalog. 
ge Mounting Press is as 





nearly auromatt¢ as 
inventive ingenuity can make such a I \ — — 
ley € Perfect beveled-edge Bakelite I | tt r MOELLER—— 
mountings, all of uniform height. are 14q°4q t 


| 
] ssured. Built-in thermostat assures that ‘ f Ey 7 
M i] mouniings ire correctly cured ind INS RUMEN 

pt the Ba’ t t a 


rotects ¢ ielite from burn ng. Pvess 


is self-contained; no separate thermom- nt a 
eters, no hot or cold molds or other ! ——CO M PAN 
oose Parts to handle Cn ’ t t a 




















Ce gee ayer 132nd STREET and 89th AVENUE 
i RICHMOND HILL NEW YORK 
THE R. Y. FERNER COMPANY a ar: Sales Representatives in 
31 State Street Boston, Mass ; ( I { Princtpal Cittes 
\ \ 
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Circuit Tester for Industrial TETCO 


Speed Recorder 


( ises 








Diaphr 
i it \ ingl 
! Wher | b it I } 
° I pr t ht I t 
Creates a permanent time rec- liaphra Ball-bearine voke arm i 
ord on a waxed chart. Accu- nected 1 phragm by flexible ten 
rately records rate of produc- eoengr Ly car ee pied 
tion, time and duration of eee Rae seceieiadael Alain: 
stops, total quantity produced. hanism at 
: / er I ( 
The Electric Tachometer Corp. Div. I , ; ae a 
1358 Spring Garden St., Philadelphia, Pa 








Instrument Cleaning Machine 
and Solutions 


HARDNESS 


kK leaning instrument and n 


: eter | 

na . vite } pe nad t mints 

TESTING... | 2000 Gor oe 
done WITH NO MENTAL HAZARDS. 


The SCLEROSCOPE has done it for 
the past 30 years 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 





n, two 7.5-volt The Shore Instrument 
, nes only, Total d & Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 














SMALL DRILLS 


from .0016 up to .1969 inch dian 
eter, all sorts of small turned parts 























y ° f Small wood screws in brass, steel f ter ‘ experience in meetir 
\ apor-proot Manifold etc., turned from the bar ment of watchmaking, watch-repa 
. 4 . i R YISCS ewelry and lar field Basis of } 
Pressure Gages for Aircraft ee 3 a series of cleaning and rinsing solut 
tovether wit} earefull worked-out 
Pion H. C. M. ENGEL, Inc, ee re 
P. O. BOX 233, SIDNEY, NEW YORK as i Rl “piace 
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RUBICON PORTABLE 
RECISION POTENTIOMETER 





crided if ilietin U lich als 
s Rubicon High Precision Type B 
ratory Potentiometer 
We also make galvanometers, electrome- 
ers, colorimeters, permeameters, Wheat- 
tone and Kelvin Bridges, 
standards, coil testers, acronographs, clip- 
on transformer ammeters. 
tive bulletins available on request 
RUBICON COMPANY 
I tr ! Instrument Makers 


9 North 6th Street Philadelphia, Pa. 


Resistance 











Catalog 
on request 


JULES RACINE & CO. 
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The RCA 
SIGNALYST 


A New Signal Generator 
Range 120 KC to 120 MC 


In Fundamentals 






s | essece oF @ 
® Dollar for dollar, feature tor 
the new RCA SIGNALYST isthe best buy 


in Signal Generators. Its range 18 greater 


feature, 


than any test oscillator Its accuracy and 
stability are excellent...Stray signal leakage 
is kept at a minimum... AC operated with 
regulated power supply! It is aninstrument 
that will find many applications in the 


laboratory in radio and television work 





Only RCA Offers You 
All These Features! 


All frequenc ida o 120 Me 
Magnetite core coils and ait 
Capacitors adder-t\ pe atte 
te " rf M 
Large 4 if ess , 
Bands ree r l j 
rd i if i 
1)-¢ nectse i 
« ‘ tal i i b 
i } ta 
i ne i ( MIC 
A or k i 
| lat ate a ‘ 
I q rang K 
Nic ft rac M 
Out Voltag L« Range v.23 
Range 0.3\ Minimum QOutput \ age 
OKC to ls M¢ rovolt \1¢ 
»MC,5 microvolt; 50 MC to 60 M¢ 


nicrovolt: 60 MC tol 20 M¢ 


$107 50 et 


lion RCA radio tt 
been pure ased by radio users In tul 


equip 





in parts and tes 
go RCA A the Wa 
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RCA Manufacturing Company, inc., Camden, N. J. 
A Service of the Radio Corporation of America 
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INSTRUMENTS’ §|TEsT MAGNETIC| Coating Thickness Tester 
BOOK SHELF PROPERTIES Gage,” an instrument for measuri 
OF YOUR STEELS | | oes iesete netiod 











Applied Acoustics (Second Edition). 








Pitts ONLY SINGLE BUTTON ELEC- 
PRICAL RETORN PLUAME PER 
SIMPLEST AND MOST EFFICIENT 





Bu Olin 
TREE DIFFEREN? STYLES 
I St lard witt g ect il zer 
S boar [ype with Ze f¢ re 
1 of id t bench era n 
ly B Poit Shit place t if 
Ir , t 
ic d zero return at a lesser cost 
tv t 
Ach wledged leaders in “ 


j neh sensitivity meters 


RAWSON ELECTRICAL 0 ‘will measure 1) ni nat 
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INSTRUMENT COMPANY t organic 1 
110 POTTER ST CAMBRIDGE, MASS ret I met (3) nick 
Branct 15 East 26th St New York City ! te Met} j to b 1 
Representative: E. N. Webber nt f both worl ontr 
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ABRASION TEST 


FOR SURFACE FINISHES Peoiscectee 2” X 2" Files 





ABRASERS € librand for standard wear 
neasurements on putnt lacguer, molded 
minated plastics, electroplate porcelain en 
mel finishes. Shear-hardness measurements ob 
ined « molded plastics and organic coatings 
0] nad vier 

Other Models available for Woven = and 
Kait 1 Fab f woot, cotton y SILK, ¢ 
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ARI tifle) nit for 
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tage nit for ec) are specified by engineers for their 
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at Cincinnati Filtration Plant 


HE ninety-seven Cochrane 
Meters at the Cinci 
filtration plant are 


















engineers accurately determ 
ing and recording liquid level 
temperature, Venturi flow, loss of 
head, effluent and influent 

Cock e offers ( ete 

of meters for every type of water 


’ “pe ra works and sewerage appl 

Panel in main office meters that are guaranteed 
containing 13 of the 97 ey a yee ae osadinie 
Gocheane Sidians. their dependability and accuracy 
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Close-up of Cochrane Meters 

mounted on each of -forty 

pomenenn cheng Wier ullecy. Write for Publication 2096. 
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Aircraft 
Industries 
Modernize 

Testing 

Facilities 


ee 
sound-proof rooms with observat 
1iows 


even more than remote-control 
we mean the measurement of every 
fluencing the performance of the product 
the accurate measurement of even n 
tors; the continuous measurement 
factor; the autographic recording of n 
previously g by hand; and the 
control of every known-and-controllab 
tion—not only when testing compone) 

} 


+1 


SR emaosor en 


ground but when testing assembled 
light. These ideals have not all been 
all manufacturers or by any one fi) 


i. brief pictorial progress reps 


A PICTORIAL 


/P ROGRESS 


FREPOR ie 
, y EF 








j th lescription of optimal set-ups. But 

. the aircraft manufacturing industries did 
7 Mak reat advances in testing instru- 
ct teste ) n in the last year. This is true 


nor { irly all manufacturers. Equally true, 
a fhat much credit belongs to the Army, 
Y N.A.C.A., Bureau of Standards, 
her sources of inspiration not en 
manufacture (including perhaps 
magazine with a big mission). 
\ photographic album of all 
nstallations everywhere would be 
tonously repetitive; so we are con 
ning this February 1940 progress report 
three divisions of testing in which 
e most rapid progress has been made 
ground testing of engines, ground test- 
f flight testing of en- 


¢ f carburetors, 
three Eastern manufac 


con plete 


t 


r 
n 
t} 





ines) and to 
rers. 
The Wright Aeronautical Corp., Pater- 
yn, N. J., sent in the four photographs 
the left, with descriptions by H. J. 
ingineering Dep’t. Top view, “con 
ition for an engine test stand used 
r the testing of production 


pment. The 


] } 
t ‘ i 


engines be- 


instruments appear 


(left to right): Meriam mano 
tarter switch button; magneto 
; Reliance tachometer and revolu- 


inter; engine oil and fuel pressure 
ages; engine oil, fuel and carburetor air 
iture g Inor thermocouple 

control svstem; 


a 
generator 
mercury or water.” At the 


£es, 


tre eft is a close-up of another con 
tion sim‘lar to the first. Next, a 
lev the carburetor test lab showing 
re the five units. In the circle, one 


five units: “This equipment is 
determine the fuel metering chat 
f a carburetor under any set 
of air pressure and flow 
the carburetor. By means of an 


tons 


(at right of air box) and the in 
er (on lower portion of instru 
nel) the flow of air into the box 
ce through the carburetor can 


ned. Roots blower with water 
ide the air pressure differential 


through the carburetor. The blower mo 
tor and auxiliaries for each unit are 


controlled by the push-button stations on 
the left-hand vertical panel. The fuel flow 


through the carburetor is measured by 
means of the Rotameters of which there 
is a selection of three sizes. (Operator 
selects size for flow range involved.) 


Various fuel and air pressures or differ 
entials are measured by means of t 
gages and single-leg manometers. Fuel 
temperature and pressure are either 
manually or automatically controlled by 
the units beneath the control bench.” 
The U Aircraft Corp., East Hart 


. 
thn 


United 


ford, Conn., sent in the photograph above, 
and the following list: “Left to right 
voltmeter and ammeter for generator; 
ten U-tube manometers; six pressure 
gages; two dial thermometers; specia 
pressure gage for P&W Torque Meter; 
four pressure gages for special tests; tw 


4] 


fuel flow meters; liquid 
level tachometer; and 1 
clinomete? (black) fo 


measuring carburetor ail 
flow. Behind operator: 56 
point thermocouple switel 
and potentiometer; fou 
wine 
tion switch. 

The Glenn L. Marti 
Co., Baltimore, Md., sent 


us six photographs of spe 


eng 


controls 


anda 1 


cial multiple-pen record 
ers for flight testing, of 
component parts thereof, 


of typical multiple 
records and 

of the 

three 





men Ww! developed these lignt ‘ t 
corders by combining Friez and P 
measuring and telemetering elen 
wit! ste ne-Angus recorder me 
isms: Test Pilot Edward R. Fer 
(left) and assistants Philip N. Bi 
and W. B. O’Neal. In the ei , ele 
if a three-pen recorder minu t ¢ 
measuring elements. Some of these 
ploy new principles and wi luly be 
scribed in our New Instruments De 
ment as soon as aircraft 1 
embodying them are made commere 
avallable. One o them deserves ment 
here: it 1s a resistance-thermomete}? 
ment for air temperature but its se 
tive portion, instead of be met 
Cc) a { iid! Ye Sy al t eCUre¢ te 
1 high temperature coefhicier rf cor 
tivity Again does a durce of ¢ 

rie b 1)¢ rf l t mentat Derg 


struments 


a 





? 




























Low Resistance Measurements 


By G. R. PATTERSON 
Assistant Professor of Electrical Engineering, 
Carnegie Institute of Technology, Pittsburgh, Pa. 


UCH t elat this heating effect is to have the batte conne 
Li if I the ( t the ridge ¢ cult as rt a time a ] 
| i } nt that S n the sequence tT operating the Datte 
+h, ¢ ‘ ’ has vias f and ' mate _ the batt , , 
1 ; ri , } ' ‘ d ist al opened first. Of course, 1f the 
( nt te nown Is luctive tl procedure would be i 
t I { 10+ bie, as Closil ind open! the batte \ ( 
! The ( t! ilvanomete Ke closed would give an 1 
t tmet { ( ( tive eck te the galvanometer circuit and ma 
| I 11Scu l 0.001 balanee in po sible Another method which usu 
t ft I encount ( 0.0001 worl well is to interchange the batte y and 
ture I { { « { , thre anomet connection to the b idge: that 7 
tra I mer, LM ple ( ; nect the batterv to the G terminals, and the g: 
é t t to be determine ! nomete to the Ba terminals of the bridg 
‘ ta ( t the ang f 0.0] 1 to method of connection first deseribed is the more sensit 
! but 1 al the more dangerous of the two. This sec 
! that pecial met 1 suitable fo method of connection, while not so sensitive, is usually ¢ 
ld not be tisfactorv for several thou sitive enough, and eliminates the possibility of damage « 
; ‘ ot one ised f evera to overheating 
l id not accurately measure thousandths Fig. 2 shows the diagram for this interchanged battery 
I It not ene Vn, ever, that ithin valvanomete connection. The conditions for balance art 
are D ripe there are ( ( l lethods, { aig \ clitte ent Same a peTtore and the vatues of all resistors vould b 
f accuracy. Thus, one confronted with the prob same as for Fig. 1. In this second ease, at balance, 
, I ¢ { { 1 and selecting the apparatus whicl and | : 
cient vive t lesired data with the required accu 2/1001 0.003 amp. (approx.) 
i Under some circumstances the method which would 0 3/1001 0.005 amp. (approx.) 
{ rreatest possible accuracy) vould not be practical, Thu neither the low esistance atio arm, A, nor the | 
Ctalst USu the greater the precision the more expensive resistance unknown, XY, would have an excessive current 
{ tu 1 the tedious the peratiol the heating effect uld be eliminated. 
| Voltmeter-ammeter Metho 
I . ecept ( Lie { thie Babee: | ‘| ( Voltmete ammete method 1s the simplest Writ 
rie L ¢ ereg y the W eatstone bridg al‘ LO0,000 measuring a lo esistance;: owever, if the voltm te 
\t e extremitie f tl ange, alte i a low esistance care must be taken that the resistance 
t be made certain precautions take nsureé the leads and contacts is negligible; also, regardless of 1 
At the ( mit of a fe tenths of an ohm, o cation of the instruments in the cireuit, an erro 
If ther é if erheating one ar} and if accurate results are desired a correction is nece 
" 2 B r t ! 
- = {A A 
< TA ex heo 
* 4 x 
G = 
7 ‘ ad = 2 x = Be 
~ » " a V = \ 
‘ - A = = 
« 1, 229 Ng G 
I Fi Fig Fig. 4 
rt ‘ ind the il l l ‘ Canes ( 5 Dell In the elreuit show) in Kig , the voitmeter not 
. the usual conventional diagram of co measures the drop across the unknown resistance X, |! 
f the Wheatstene bridge Phe diagram has nota ilso measures the drop across the ammeter. In the mea 


1, fb, vat rms; 4, variable arm; .Y, wi ment of resistances of medium value (10 ohms to 10, 





{1, ga tl el ie batt vy; Ke, ga hms), this arop across the ammete would be negli 

ey; Au, battery key. Suppose in this set-up A but in the measurement of low resistance (0.01 to 0. 

{ rap] ‘ ite 10) m, and b { a C hm) as considered here. this drop would cause conside 
rut ; t then, aina A ula ( Fig. 4 shows the more logical means of connect 

[ R ate L000 f t s method. In this arrangement erro) qaue t 

\ . ‘ { ere i . cure l fact that the ammete! not only measures the cu 
eu na I tl ug the unknown resistance X but also the cu 

‘ 4 l ~ i nrough the voltmete The unknown resistan¢ peng 
tof | t l the 1.0 it rl ( the current through the voltmeter may be appreciabl 

l ( { l the 1 t plac ilu espe if a low-resistance voltmeter is used 

! CAUSE EXCE eating, chang the value of the even though the current through the unknown is hig! 

. Ce te result t th ‘ 11 ro] ss it will usually be so low as to require thi 

rt current were py tted to fi f uppre yf a 15-volt or 3-volt voltmeter or possibly a millivoltme 
{ { lid a bt ! ore Durn out any Cast tne voltm«e te esistances would be cons ( 

ese l e usua ating f resistance unit low for precision results. If such is the case, and ac 
‘ lit In apparatus of this typ tion is required, it may be easily obtained if the resista 

tt yx One simple way t ittempt ft avoid f the voltmeter is known. 


NSTRUMENTS 











E's (/ Ex ry xX sive heating 


t S passed tf igh the standard and u \ 
Xx E's (/ Ex r) resistances; the galvanomete! Ss connected to the tal 
Y is the value of the unknown resistance, Ex is the the resistance box is adjusted to give an on-seale deflect 
tial drop across X, J is the current, and r is the volt and the reading is taken: the galvanometer is then « 
nected t the ul | l i t eflec ¢ 


resistance. 
ever, this method is ordinarily used in shop practice The value of the resistance in the re tance « must be 





extremely accurate results are not required and sucl the same for any one set of f t 
ection would not be necessary. If a shop or test floor the unknown. The galvanomet esistance 
ed precise measurements, it would have othe ippara- nh compat n t the ( t ce the 
easily obtaining these desired results inknown resistance: such being the case, the curr 
Ul l¢ the mete ‘ ri 
omete? Method eadading, and it ea nable t issule t t the ent 
} 1) { ug { { { ( rie 1 ( cu ( 
Potentiometer method is essentially the same as the 
eter-ammeter method except that a potentiomete Sere : x OE ( 
nstead of the voltmeter to measure the drop across the shite ‘ CASULEINCTIN es ( 
fen : t nee f the ¢ { ,) t 0d) n ) ‘ ‘ 
n resistance. The current may also be measured by) ; 
if a standard shunt and a second potentiometer; , sb . ‘ eu 
i 100 4 SOL) " ene} } thy ‘ 


o the shunt in series in the line and measuring the 
across the shunt by means of the potentiometer, th l l 
nt may be calculated from the values of the pote: BE ./R BEy/R 
eter reading and the calibrated resistance rating of ihe R Rs Ex/! 
{1 shunt. This is truly a laboratory method; it 1¢ The galvanometer deflect proportional t 





s relatively expensive apparatus; and the accuracy tial applied to its terminals: thu 
1ined may be much greater than required. The poten R R. D</D 
neter balance is a null type procedure, and thus the 
- 13 . . A practical appli nm ma e ] ‘ z ‘ 
1 would require a constant current and would involve ‘ , 
: is ising as the standard a mmete 1 e ae ( 
consuming operations. In this method the possibility : 
> . is Heel n i t) l ( ( I 
heating error would be considerable for the constant 
. 7 and i l | itmete ? tea t thre l met () 
ent must be kept on eccntinuously during the entiré : 
: is as ie narily the resistance x t be need ‘ mmete 
cess of balancing. The use of the Brooks direct-deflection t “1 
1] } } 1 nut ana e WU ar ! ( tance ri’ ( < 
ntiometer would considerably decrease the time required 
} } ' i M1-S ed cul ent ¢ t + ©) } + 
Ntain a Dalance 
voltmete S in tur? ! pyre ( the ( 
nos taken. The ie of the unk1 n 
: D.P.5.T. Sw f the ratio f the ft , trpete y 
1G } ° e esistance I the il ete ( I i 
Nasal : 
} e.° from the current 1} t t t 
T The mntage € the Com f T) ' ; 
Res Box e @ (a) it re es ! i { ( ‘ { 
(hy if slat , the 


@ Standard ° ¢ UnkKnown a 
Ss Ps 


| = . G 


—{A p Unlalal{ult 


1 ¢@ S 2¢@ @> Rs 4 


Un to—oinninrto, 


J oc - 





parison of Drops Method 


lhe principle involved in the Comparison of Drops method rkeo. aay = 
exactly as may be implied from its name: the unknown gfe So € me A ~HWdene_e _| 


stance and a standard resistor are connected in series; 


— 





common current is passed through the two; and the valu 
the unknown resistance is determined by comparing the 


ps of potential across the two. method are: (a) it requires a constant current, f if the 
Many low resistances have two sets of terminals: the ene CELTENS SHOU BOL Ue Tle SAME VAIME WHEN Takin, ; 
1, readings I) and |) the assumpt nm made in the cde 
e heavy terminals are connected in the line and carry rae Se salar aap : I 
main line current; the smaller terminals are for the der Aer aisha ates pis ae ae os ie 
ential lead connections; and it is across these latter two ~~ opeetigy ad unknow! ay Lid De mie at the 
t the rated resistance exists. In measuring the resistane oo a - - acta ng! é the 
res or small rods, the potential terminals may be made pe ; mt ; ne 
derimg small wires across the rod at the points wl ch “ I — ys she ; Se -3 on ri t ri 
the desired length, any superfluous solder should br nice? a e , t t 
ved, or—conveniently—by using point or knife-edg a a = , } 
ps which are supplied with both current and potential 2. oe Se oe een ee 
ais. 
g. 5 shows the diagram of connections for a lal itory Modi fie Wheatstone B e Mi 


of the Comparison of Drops method. Using the hea The ordinary « 


nt terminals the standard resistor and unk: n re practical f the mi ire 
nce are connected in series with a power supply, a cu f « rs caused by t ead 

egulating rheostat, and an ammeter; connections + the standard and the unk 

tential terminals of S and X are so arranged that |} to measure a t 

iy be connected to one and then the othe f these connection must be made to eit { nal 2 a) 
inces; usually a resistance box must be connected jt f mplicit that 1 

aivanometer circuit. The procedure is simple. A cut resistance ap} mate 1 m. and t 

vhich is as large as practical without producing exces contact resistance between S and \ l 
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rn ¢ | 
tend 1] ty 
( (la i ut 
itu S Cap 
ron )] n ‘ 
t*¢( _ T t} 
) () (p46 
$ t 
ents 10 ! TX 
ents consists 
Te Va if al 
Lida MNCe 
i l i i¢ 
ri . tin 
1 ic ( 
t ce ic} 
indingss, the | 
cient [he n 
) > 
ile Kelvin B 
eae a a t 
1 0.4 QO O001 
S 6°4 
A t 1 met 
en the ink? 
at the same 
Prof 
) } ess 
pines g, Ca 
? in 1S¢ } 
atories The 
alance rT the 
general scne 
ige, except U! 
e nxed vaiues 
paralle Wit! 
yyms May | 
resist nea 


l¢ tz ] high-grade variable resistance 
to 10,000 ohms, and a calibrated low-res 
nxed iiue Standard 
! n al batn To 
neate I accurat | isually Turnisned |! 
1 Call if n ¢ r ng i le range { 
be obtained from the National Bure 
If i preciso} Ss not necessary, a ¢ 
a Dye ised e current Ss adjuste 
ore is S mpatible Vit accuracy i? 
rT the t ivms e adjusted until there 
equa 4 convenient { htain t 
t B and it 1000 ms eacn and adjust 
" itat } if \ > simple f ym \ ‘ 
for? f the bridge the rat ums are 
{ fixed 11 ué ind the tandard 5S a 
t ( standa | QC) ne manutactul'e | 
tance measurements (Leeds & Nore 
I Double Bridge ratio box with fixed 
00, 400, 1000, and 10,000 ohms for ea 
, these ePSIST( S pelng’ placed 1 the ( ( 
connect ma ne possibte atios { 
and the oad itios not dil 
A RB 
a LK 


* . s + 


LL bo—o-L rr 


——(a)——ijilthtah{i{ — 


J 
n se ( t nine nxed ( sto) oO! 
combinatior s equivalent tf ana ] 
Trlé iS i10nte a the Da al rie - 
( I measuring sistance Trot | 
Vn, ind tne I 1d gre can be Nalance 
)4 dow! t QO QOUO.O2 ohn The ) 
) ettel TO qdina i istance mea 
0.0001 ohn The procedure for mea 
mp n setting the atlio arms to t 
{1 adjusting the standard f i galval 
cribed apparatus more suitable I 
| test floo measurements of! 
transi ( ind large electric ma 
table Ke Bridge is most accurat 
viousty-ment ned Maker supplies < t 
or { a ange from 0.0001 ohm t 
f ¢ ().? O00 nt to 26.4 
t Q.QO005 ohn the o rall aimensio1 
ind the eight 131 Ds 
f balance of the Kelvir 


n and the standard resistances ar‘ 
Value, Was devised by 1) Willia 

and Head of Department of [le¢ 

CD le Institut f Technolog il 





measure 
diagran f connections for this m«é 
Kelvin Double Bridge is shown in | 
Ss the Same is I the o dinary a 
t both the ratio arms and the star 
and there Ss an auxillary battery ¢ 
e standard resistor. The unit f 
TOOQ0-ohy esistors: S sh ld he a t 
equal in value t the resistance 


Continued on pagt 











hysical Processes Which Occur at the 


Point Where a Hardness 


By S. R. WILLIAMS 


Professor of Physics. 


ismuch as We measure hardness l OV the Glam 

Il hie TVD PO PINE mace by i steel ball unden a ~:iven 
1} 

as in the Brinell instrument; (2) by the deptl 


ression made bv a steel ball under a definite load. 


the Rockwell hardness tester; (3) by the widt 


liamond cut under a fixed load. as in the Bierbaun 


dard instrument; 1 by the load to give an arbi 
chosen width of cut, as in the Graton machine, or 
neral, (5) by the permanent (or temporary, as 

Shore instrument) deformation arising in the process 

ndentation: ] behooves us to consid r €arei lly th 


rs which enter into the indentation processes ti 


them varv in one material from those in anothey 
will be the province of this article to studv some of 


physical processes which go on when we mak 
iness test. 
| ( most obvious plivsical pro Css which meets tl 
when an indentation is made in a hardness test 3 


B sang up or “sinking-in” of the material aroun 
dar 


of the Imprint, These various disp! icements of 


] 


rial ey been caret fully studied by numerous inves 


gators and are graphic lly shown in I}gs. 211 and 212 
‘\ nly Are the various forms of displace ents ndi 








211. Spherometer measurements of Brinell impressions. (a) 
iking-in. (b) Piling-up. (c) Flattening. 
1 is obtained from spherometer readings 
is calculated from a and d (diam. of impression measured 
a traveling microscope) and the radius of the steel ball 
ting in the impression; 
a = sinking-in in a (2): 
1— b= piling-up in Figs. (b) and (c): 
s vbtained from ae readings: 
b = measured depth of impression; 


(Fig. (c)) = depth of impression, calculated from measured 
assuming 5-mm radius of curvature: 
fe =D) flattening, i.e., difference between depth cal 
ted from diam. and measured depth. 


produced it 


Test is 


s 





l etals 


cite 


inden 


by 


ot a 


} 
tl 


ade 


(atvior mia 


1/16 
Rockwe 


Hardness I este 


The 


steel, 


metal 18 S( 





sary cither Co compress h material make it dens 
rr else have it bulge ip iround the edge of the impr 
No doubt both etfeets occurred, but the piling up is 
Lay the most obvious. It is not difficult to picture 
vement of the various portions of the earth me 
paneer ndentation. Because of its quality ind structurt 
yvarticles of the earth were crowded together dir 
vder thre mnpacting meteor. The pressure th reby 
yped pushed the earth material sidewise and r 
frou inder lhe meteor and pushing upw 
ip around the rim of the cr 
ustrations which give us 


1 


1 J 
knowledge abo he distribution of the strains in a 


} 
ince undergoing an indentation of the surface 





mardness tester. We are interested in the strains be« 
ev represent hie permanent deformations and it 
terms of permanent deformations that. in genera 

near Winslow, Arizona shows a “pilin ure hardness 


Chrough the courte s\ of M. M. Frocht> there is sh 


n Fig. 215 a photoelastic strain pattern tor a cor 


| cifect ar }eoce ri f tee indentation 


, 1 } 1 ] J ] 
trated load on the edgar of a large thin plate of Bak 


1 


\ small metal evlinder with its axis normal to the p 


of a thin sheet of transparent plastic Is pressed nto 
eda of thie plate Phe Stresses produced by the evlin 


. up d finite strains in the sheet and so long as t 
Peete ae : } ; 

external stresses are maintained produce persisten 

i 


Pormnations mn tlhe Paste When plane polarized 1) 


chromatic light is) sent normally through such a pl 
ind the light is viewed by means of an analyzing syst 
ilternate dark and light bands ippear in the field 
view which are th contours of equal strain differs 
In Fig. 215 it must be emphasized hat these isoc 
natic lines are shown in only two dimensions—in { 
ire almost set up in only two dimensions since they 
produced in i thin plate; where as the problem ol 
strain patterns under a spherical indenter in a lat 
block of steel, for instance, is one of 3-dimensional for 
Phe strain distributions in a 2-dimensional system 
certain similarities to that in a 3-dimensional set up 
it also has many acute differences. The strain syst 
under a steel ball indenter cannot be completely sh 
by any such process as indicated in Fig. 215, nevertl 
ess, it is suggestive of how the 3-dimensional syst 


would look. 


Ort pr rh ips gre ater interest and importance im a stud 





of the penetration processes of a hardness tester are 


- slip lines which are produced and may be seen when 
Fis 15. A photoelastic stress pattern for a concentrated load ° 

m a large thin plate. The black and white bands (isochromatic 
lines) are contours of equal strain differences | ig 216 are shown. the slip line Ss for a concentra 


constant pressure acting along the edge of a metal p 


indenter penetrates the surface of the test material 


} 


is drawn by Nadai’. This is for a square faced indent 


= ; The slip lines for a spherical-faced indenter would 


ae ee ee a 
Fis. 216. Slip lines for a concenteased, imilar, but evidently the tendency to bulge up a 


Or ee sae constant pressure acting along the edge iround a spherical indenter would be greater than t 


AAA» of a metal plate square block shown in Fig. 216. 


rv VA, , In Fig. 217, Krynine’ has studied these slip lines 


various kinds of moist soils. Fig. 218 shows the form 
; 
i 


' 1 n 
ml? Stram area as a whole dk Ve oped unaer a pen ra 


similar to that in Fig. 217. In all thre pi tures the st 





has been carried out at the edge of a thin layer of n 
soil, analogous to the study of the isochromatie lint 
Fig. 215 
| vy 218 ilso indi ites thre shape ot thre strain 
] . » +) . ley 
inder ai larg: building or unde I pier OF a4 
I. 1 . 
: ; 
~ | 
[ \ 
217. Formation of slip lines in layers of moist soil under a 
essure ) ~ ~ S \T 

















hoth of which mav be considered as an eart 


~ movement of the material underneath and around 

. . ‘ 218 sulye ro | l ¢ 
denter may be observed in the device shown in ; 41 Bulge produced in a 
; layer of moist Ottawa sand 1 


2 ae F * (April 1937 instalmen t is 7 

24, a, b ind “ I ie tig lent. | ; to thick by pressing against its 
ost part a movement along slip plane a9 which In edge a wooden plate 2 wide 

ise of an actual indenter. like the Rockwell. mani ‘ 


itself by slip lines already shown in Figs. 216 and 
In order to make the outfit in Fig. 24 more like 
ndenter of a hardness tester and less like a punch 





square, wooden blocks. which served as the edges 
219 When 


ndenter p is pushed in by means of the screw S, 


jaws of the punch, are removed in Fig. 
steel balls will be seen to move straight ahead at 

ind then along diagonal lines or slip planes. As 

of the balls move out along diagonal lines. others 
h to the right and slip around to the side of th 
nter and push up the surface indented as observed 
1 photograph shown in Fig. 214. The curved lines 


iwn on the photograph in Fig. 219 represent crudely 


¥ 


slip lines or trajectories along which the principal 


} 


iring stresses operate to produce the strains or di 


a, dy Be § 


rations. Here again we are dealing with a 2-dimen 
nal frame in which the outtit is laid in a nearl) 
ntal position with the p side raised a little h'gher than 
opposite one so that a component oft the foree of 
ivity acting on. the balls may simulate the elastic 


eS Ope rating in solids. for instance i metal. whre 


www 


penetrator sinks in. 





Thus far we have been studving models for the pur 

se of picturing to ourselves the strains or deformations Fig. 219. Roughly, the slip lines have been drawn in with white 
ch occur under an indenter: what can we observe ink. These are for a concentrated, constant pressure a the 

sually and photographically under actual working con edge of a metal plate. See also Fig. 216 


litions with a Brinell, Vickers or Rockwell hardness 
ster as the steel ball is pushed into the surface of 
specimen? 
Figs. 220 and 221 show the imprint of a large steel 
indenter on the surface of a hot-rolled strip of steel 
n which the surface is coated with a laver of oxide. Th 
slip lines are plainly discernible as one section shears 
past the other and breaks off small flakes of the oxide 
Che two photographs are for different sized steel balls 
ind both show the same results Figs. 220 and 221 
ould be compared with the slip lines in Figs. 216 and 
217. The slip lines in Figs. 220 and 221 run out hori 
mtally from the periphery of the indentation but we 
know from other observations that they run down into 
the body of the material as they did in the moist soil in 
Fig. 217. Attention should be drawn to the fact that in 
Figs. 220 and 221 some of. the slip lines start out to Fig. 220. The surface slip lines around the periphery of an in 
enecir¢ le the imprint in a clockwise fashion while othe rs print of a steel ball made tae USEC E OFS Ai se ape 





steel. The lines are produced by shearing in the oxide layer 


n out c 2-éloc - tare ti - 
out counter-clockwise. In a fine structure these Jin 3 dict cise el alae, “abel 
would overlap one another so thickly that they would 


ippear as a clouded surface on the material. This may 
seen in Fig. 213 for a polished soft steel surface 


In order to study what actually oceurs within the 


etal and under the indenter, two pieces of steel were 
irefully smoothed off (in some cases with a plane mir 
rr finish) and clamped together by means of screws as 
hown in Fig. 222. Along the line separating the two 
rfaces, indentations were made with a Rockwell In 
nter. Such an imprint is shown in Fig. 213. On sepa 
ting the two surfaces, one sees something of what is 


iring within the metal under the indenter 
In Fig. 223 are shown, highly magnified. photographs 
a) the top surface of one block and (0) the sid 
iow of the same indentation. In a piece of soft steel 
slip lines are so close to one another and eriss-cross 
ne another to such an extent that the surface appears 
uuded out to a definite distance from the edge of th a smi 




















Fig. 222. Two polished surfaces of metal are held rigidly to 
gether by a number of machine screws. Indentations are made 
slong the crack between the two pieces as shown in Fig. 213 














} >> 


Fig. 224. The upper half of this picture (a) shows the top sur 
ace of one block attached to the other as in Fig. 222 and on 
which an indentation has been made. Only half of the imprint 
shows when the blocks are separated. The lower part of the 
photograph (b) gives a side view of the same imprint. The 
sharpness of the outer edges of the disturbed areas around the 
print in both cases 18 an outstanding feature 





big. 224. Oblique illumination of the indentation of a Rockwell 
Hardness Tester on a block of steel. Note the sharpness of the 
muuter edge of the area disturbed by the indenter 


NSTRUMENTS 


mprint of the ball. The termination of this distu 
irea is sharply defined as shown in (a), Fig. 223. 
224 shows this sharpness of the outer edge of th 
turbed area when the indentation was made in the 
face of a single block of soft steel and not on the ¢ 
between two pleces as in (a Fig. 223. In (b) Fig 
is shown a side view ot the indentation of a 
ball indenter. The surface was left in a straight-li 
» show the bending 
these lines as the ball sank into the metal. The o 


surface of the disturbed portion is again shown t 


scratched condition in ord r 


sharply defined, This is in reality a 2-dimensional 
tem, for no matter how close ly the two pieces fit toget 
the strains cannot be transmitted across the bound 
in exactly the same way as though the two were 
solid block. However it does give some indication 
what is happening underneath the ball indenter. 
One should compare (b) Fig. 2: 


23 with Fig. 225 
these two in turn with Fig. 215. In Fig I 


-* ~_— = 


portion directly under the indentation corresponds 


the strain area under the indenter in Fig. 218. The lig 


~ 


portion under the indenter in Fig. 225 is shown up 
oblique illumination and consists of a multitude of f 
eracks which are the slip lines in the permanent def 
mation. ‘These cracks may be seen more clearly in | 
226, in which the cracks or slip lines seem to run 

from the periphery of the imprint. Not only are t 


slip lines shown, but also the piling up may be seen 





Fig. 225. This photograph shows the stress distribution in 
two-dimensional system. A side view of an indentation made 
a steel ball 


Fig. 226. A vertical cross-section of an indentation made by 
steel ball in a block of steel. The piling-up is apparent here 
the photograph. The slip lines are represented by the sm 
cracks running out radially from the surface of the imprint 


225 the lig 














Fj 


since the shown is a vertical 
»f the space occupied by the ball. 
g, 227 shows the disturbed area of the 


ball 


ines intricate and many 


unprint 


CTOSS- set 


Into 
the 


but they cease abruptly at 


Surtact 


na steel has been 


pushed. Not only ar 


finite distance from the periphery of the indenta 
is was observed in several of the other indentations 
‘piling up” and the “‘sinking-in” may also be 


lied by sensitive dial indicators like the one shown in 


228. In place of the microscope usually employed 
Genevolst heavy brass 


dial 


moves 


dividing engine, a 
The end ot the 


indicating hand over the 


Société 
indicator. lower 
the 


is carefully ground to a 


nk carries a 
ist pin which 
then 
the dividing 
ine with the test piece is moved along under the lower 


1 of the thrust pin the latter will not scratch the sur 


point and rounded 


smooth so that as the traveling table of 


ice on which the indentation has been produced. As 
traveling table of the dividing engine is moved for 
ird by means of the accurately calibrated screw of th 


gine, the reading of the dial indicator is taken at 
ecessive steps in the progress of the traveling table 
ig. 229 shows the readings of the dial indicator in 
ousandths of an inch as the surface tested is moved 


rward by steps of one millimeter. The two curves are 
r the but different 
ordinates, one in thousandths of inches and the 


When both 


scale S for 


othe r 


same indentation with 


( oordinate Ss 


n thousandths of a millimeter 





g. 227. The upper left-hand corner is one segment of the in 


lentation by a ball indenter. Not only is the piling-up 
hown, but also it may be seen how intricate are 
ich correspond to those in Figs. 220 and 221 


steel 


the slip lines 








228. Dial indicator mounted on a Societe Genevoise divid 
engine for measuring the amount of the piling-up or the 


king-in of an impression produced by a Rockwell indenter 


ire to the same scale in the u r sVstem it wi ty 
served that a circle can be drawn which nearly fits t 
indentation, and which is also nearly the cross-section 
f the ball making tl] indentation There is some fla 
tening to the imprint. See « ( Fig. 211. It is fron 
such curves as these shown in Fig 29 that Norbury 
ind Samuels wert ib] » draw their fina 
onclusions, chiet ot which were 

l Lhe ‘sinking in or 2) ling up Ot thre i i 
surrounding i Brinell HMpression have a constant Va 
tor a given material Irrespective of the size of tl 1m 
pression if expressed as a percentage of the measured 
de pth of the impression Thus in Fig. 229 the ratio 
of the height of the curve above the line AB to the depth 
tf C below AB is alw vs a constant for any given sub 
stance. 

2) “In cast materials the sinking-in may be as much 


d steels 


worked materials 


is 30) percent In annealed and 


ibout 10 percent In 


te mpere 


old 


piling up Is 


thre piling up may be as much as 30 poe reent 
» he value of n in Mever s formula, 
P rad 
is related ind varies with, the amount of sinking-i 


or piling-up. 


Foss and Brumfield” have made caret ilu surements 
m the contours oft thre surrace in ind iround.§ the n 
pression ot a hardened steel ball nden r This s ly 
1S noteworthy tor its painstaking it id d i 
studving minor Dut essential points 
lig 230 1s a photograp Or a stec Da dent 
in cast iron, This is a cas if sinking in. ‘J dift I 
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Fig. 229. Contour of 


indentation by a steel ball 





F > 
Fig. 230. Surface surrounding the impr f a steel ball in 
, 
lenter when pushed into cast-iron. This is a case of sinking-in 
NS k Mi NTS 








SURFACE TEMPERATURES 


FLAT STATIONARY OR CURVED MOVING SURFACES 
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« 
Inn thre Vnor” line there is a type and size Indi- 
ring Pyrometer or Distant Reading Thermometer 


fable tor every requirement. Catalog on request 
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is only skin deep 





We believe we are justi- tions, there can be read a 
fiably proud of the appear hidden quality which as- 
ance of DuMont instru sures the engineer that 
ments. Their appearance what he sees on the cath- 
will never disgrace any ode-ray screen is a true 
laboratory where they are and dependable reproduc- 
used. BUT... tion of the signal he ap 


We also ask you to con plies. 
sider what lies behind the 
pretty front panel. Du 
Mont instruments are de 
signed and built with that 
care and skill arising out 
of years of specialized ex 


It is this hidden quality in 
DuMont instruments, 
speaking for itself, which 
accounts for their ever- 
increasing application in 
industrial laboratories 
perience with cathode-ray schools, production lines 
equipment. Between the and elsewhere throughout 
lines of DuMont specifica the world. 


@ Write for 
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REE AER RIN ees SSR 
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between this case and the one shown in Fig. 227 
once apparent. In Fig. 230 may be seen the cracks wh 
open up as the surface bends downward cracks wl 
ire roughly parallel to circles concentric with the 
cular lmMpression of the ball 

In Fig. 231 appears a magnified image of th: 
print of a Rockwell hardness tester 7 ie tale yois 
steel surface which had been finished to a mirror surf 
ind flat enough to exhibit Newton’s interference frin 


between the surface of steel and a piece of optic 


Hat plate glass coated with a “half silvering.” It 
be seen that the interference bands become. finer 
closer tour ther at the boundary of the disturbed 


Fig. 231. The im 
print of a Rockwell 
steel ball indenter 
when made on a 
steel surface fin- 
ished to a mirror 
smoothness ands 
then studied under 
a half-silvered piece 
of glass for the 
contours of the 
surface around the 
imprint 





Fig. 232. For comparis 
with Fig. 231. This is t 
system of interferes 
fringes around a h 
bored into the same pic 


of steel as was used 


Fig. 231 





tion of the surface around the imprint. Wherever 
bands thus crowd together into finer and closer forn 
tion it means that the two surfaces are farther apart 
that point. In this particular case the steel surface h 
sunk below the main surface by a few wave-lengths 
light and this could not be detected by a microscope 
i dial indicator, although the piling-up at the edg 
the imprint can. 

Near the edge of the indentation of the ball, piling 
has occurred to such an extent that due to the rough 
ing of the surface by the slip lines the surface is 
longer suitable for reflection and therefore no interf 


ence band appear within the disturbed area around 
imprint. One has no test by interference for the co 
plete mapping of the contour lines by interference 0) 
the entire surface of the disturbed area. The surfa 
were illuminated by sodium light in making this pho 
graph in Fig. 23 

Ii 
terference fringes look in the area about a hole wh 
has been drilled through the same block of steel as t! 


shown in Fig. 231. The hole was drilled before the 


232 is added to show by comparison how th 


ishing was done. It will be noted that the edges of 
hole are worn away somewhat more than the main s 
face in the grinding and polishing process. In Fig. 2 
the indentation was produced after the grinding 
polishing processes 


(To be contiau 
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Conunued trom page 54 
d the batte ind ammeter in the main circuit 
11d ( f sufficient capac ty t handle the current re 
lire I accurat f measurement; the apparatus in’ the 
ius ary circult uuld ordinarily consist of a two- or three 
€ portable st ape patter . | ] 10,000-ohm aecade resis 
ce box, and a 20 ! )-) impere range milliammete) 

| i ty I t tte connections must be observed. 

W he \ ary than S, a drop greater thal IS must be 
ned to pdalance IX: tl adaditionai drop is secure i by 
i wditiona ! current, 7, through NS ar n the 

( l ect I i the 1! iin current / Ther 


if A than S, the polarity of the auxiliary battery 
Tt he ‘ ‘ ‘ nd the « pressior ther pecomes 
\ 1/B SQ i/T) 
Pa cy the rat I should be approximately 1/1000; 
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tne parenthesis of the above 
L00%- in the 


in the 


expres 


Value 1h) 
1.001, and an error of 
of 0.1% 
value of the unknown resistance. Thus it can be 


the! tine 
measurement 
determinatior 


vould be 
of 1 would 
of the 

that it does not require the use of precision ammeters, | 


precision results one should closely observe the current lin 


result in an error 


for accurate values of the standard. 

In the Kelvin Double Brid 
1, B, a, b are actually the resistances of the various resist 
coils plus their respective connecting leads. For practic 
this 


work, 


foregoing discussions of the 


purposes lead resistance may be neglected; but f 


precision such as comparing standards, it is 1 


resistors art 


negligible. Therefore, even if the ratio arm 
adjusted so that A/B a/b, the resistance of the lea 
and contacts, may slightly upset this relation and 


effect of will not be absolutely negligible 


Actually 


where the subscript C designates coil resistanee, and t 
subscript L designates the lead resistance. ! 

If the effect of a is eliminated, the adjustme 
for balance of the bridge will not be disturbed by any valu 
large it may be. One method 
obtaining this desired condition is to balance the bridge w 

closed, and again with it open, thereby having minimu 
and maximum values. The Reeves Method for adjusting tl! 


to eliminate a 


entirely 


of 1, regardless of how 


ratio arms is commonly used. This met} 


calls for successive adjustment of the arms with a closs 
and open until a balance is maintained with either ec 
nection. 

Comparing the Kelvin Double Bridge with other met! 


ods for 
quires 


measuring low resistance, one might say it 1 
more elaborate and more expensive apparatus th: 
the other methods. On the other har 


some of its many advantages are: results of measurement 


some of simpler 
are most precise and certain, adjustments are easily ma 
no calibrated instruments are required, absolutely consta 
current is not the standard unknown res 
tances need not be approximately the value, it n 
be obtained in portable form, and it is a nul' or zero b 
method which minimizes the personal error. Tak 
all considerations into Double Brid 
is the best method for the and effici 
measurement of low resistance. 


necessary, and 


same 


ance 
account, the Kelvin 


accurate, certain, 
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